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\Block 20. Continued.

and only linear step site species were observed. From the
results we conclude that Pt step sites are the active sites
for CcP2 dissociation1



On~ P""). ABSTRACT

On both osidized and reduced Pt/TiO
2
, carbon dicxide

decompose at room temperature to fore chemisoibed cxygen ators

tCz:ci.vt,: Ascnrp:tin of CO
2 

on and carbon monoxide. In the absence of Pt nr dcco.pjst-., .r

COIJIztd and Re,'ced Pt/TiO
2
(a) found. On reduced samples, the oxygen ators were stabilized en

the titania support and reacted further with CO
2 to fort adsorbed

bidentate carbonate. Cn reduced Pt/TiC
2
, the adsorbed CC Froduced

in the decomposition reaction produced a linearly bo..' Ec.:eIn -

step sites in the initial stages of the reaction. As the reacticr

Katsue: Tur-kI and J.. . ite
(
t) proceeded, CO adsorbed linearly on terrace sites was found. Cr

DOpart-ent of Chenistry oxiozed Pt/i02 the decomposition rate as much slcer arC or.,

Lnsvers:ty of Texas linear step site species were observed. Fros the results ,

Austin, IX 78712 conclude that Pt step sites arte the active sites for CC 
2

dissociation.
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*i ~ ~icne . pact by tfte Cffice of i4uvaZ Resnacch0
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in another paper from this laboratory. Infrared spectra were"

1. lnt tdctiOt. taken on a Nicolet FT-lR spectrometer and were recorde

Sirz. t t e diccovery by Prinet et al. " of freouencies absorhance with 2 cm
- 1 

resolution. Spectra reported here tare

ssoclatad to adscrbed CO after exposure of Rh/A1203 catalysts to been corrected by subtraction for absorption of the gas phase, the

CC2, many tapers have been published dealing with the interaction solid ausorbent before adsorption and the CaF 2 winows. All

of -C, w :b Th-tasud catalysts. Sceorjai et el.
(2 -4

1 studied CO2  spectra were recorded at room temperature.

udssF:ion on several Rh single crystal and polyerystalline Anatase (NCR) was reduced with H2 at 8C
0
°C and soaked it

s-r;es and found evidence for dissociation of CO2 using electron dilute chloroplatinic acid solution to get 2 wt.% Pt/TiC 2. ne

energy :oss vibrational spectra. However, several other groups sample was dried at 100°C and then washed with distilled watt:

f:-t '0 ev:dcrce for dinsociated CO. on Rh 1-7) Recently, until no chloride could be detected in the wash water. Crc rve

"0t1 o t nt l. 9) reported that CO2 interacting with Rh/A1 203  procedure has been followed to obtain active catalysts for

d;s5;c:;tes in the ptesence, but not in the absence, of H2. There photoassisted reactions
(1 2- 1 6 )

as Isgtcaeeaft on ths point as Zizuki and Tanaka
(9 } 

find on a pellets for IR analysis were pressed between two riezes af

aTtinar sunstr te that CC2  is dissociated at 30CK and moderate paraffin paper; the advantages and disadvantages of this procedre

CC. ;:nssrea even in the aence of N2. have been discussed previously. (11 Each pellet was oxidized at

nt this taper, we report the dissociation of CO2 on both 4000C in the IR cell in order to remove paraffin fragnerts.

cxidi=: a d , ziced sarples of Pt/TiC 2. A discussion of the Three hinds of Pt/TiC 2, each with a different reducticr

..Z< '. , d -,.. the dissociation of CO2 as well as those temperature were used in this work. For sirplicity each sanple Is

rvilved n the retenticn of the reaction products is presented. denoted by three temperatures, the oxidation, reduction and

z x-O.. we have reported that CC2  is not adsorbed an- no evacuation temperatures. For example, the notation 4tC-2CC-4t

sy.-z$ s arc o-1) on reduced TIC 2.(10) Upon exposure signifies oxidation at 40
0
°C, reduction at 2000C and evacuticn at

of PCnZ7 to CC'9;, we have found two kinds of adsorbed linear CC 400°c.

atI e artribiaed to step and terrace sites."
1 ) 

Here we find Reactant Co2 was degassed and purified by pumping through two

tr: C i:ciation leads to several kinds of carbonate species cold traps maintained at 77 and 195K. These procedures wear

n at' h srap and terre-. CC species on Pt. performed with great care to eliminate any residual CO trat ight

2. tx;e:ixental. be present in the reactant gas. All interactions of CO2 with the

All the procedures used here were identical to those reported substrates were carried out at 300K.



. esults ac :,scuSiCon. dependence of their development indicatPs clearly tat CC, i

Corben dicxide adsorption on a 400-200-400 substrate is shown dissociating on Pt/TiO 2 
and that the product Co occupies terrace

in Fig. I. hhen 20 torn of CC 2 
was introduced, Fig. !a, bands at sites only after the step sites are filled. It is significant

2354, 22U23, 2C77, 14,31 and 124S c.-
1 

were observed. After 15 mit, that the absorbance of the 2077 cm
- 1 

peak, Fig. le, is C.Co which

F.;. lb, a new band was found at 2092 cm-
1
. A fter I hr, Fig. lc, is about 251 of that observed at 2094 Cm

- 1 
when this substrate is

the 2354 r
- i 

band intensity decreased about 10% and the 2077 exposed to CO.
(I ) 

This indicates that the number of adstbed -C

cit t3O7 ircreased by aout a factor of 2. A 23 hr exposure, molecules is much larger than could be accounted fnr on the basis

Ftg. IC, ted to an ordcr of nagnitude decrease in the intensity of of impurities in the CO
2
. Additional evidence that the ct;tt;el

the 2254 cm
-2  

tand and a shift to 2245 cm-1. In addition, new -O bands are not due to artifacts, such as CO desorpticn from the

lands aneared 16T and 1617 c
-1 

while the intensity of the walls, comes from water adsorption experiments where no CC reaK

>177 c-! b.n increaed by a iactor of 3. Subsequent evacuation was observed.

at 20C for 30 n:n, Fig. le, left only the bands at 2092, 2077 and When this substrate was exposed to CC, a bridged sccies at

1617 cm
°1
. 1854 cm

- 1 
was found.

1 1 ) 
The fact that it is not focnd here is

The bnds of Fig. 1 are assigned as follows. In accord with ascribed to the relatively low coverage of CO. Fopster art

tie u:ri cC N.terr et al. 17) znd our previous work110), the Ibach,
( 1 8

) using high resolution electron energy les

2263 ci peaks are assigned to coordinated CO 2 
and spectroscopy, find that on Pt(ll1) bridged species appear Orly >t

1lc:2 ( turml •turdanc ), the 1245 and 1673 cm
- 1 

bands to high coverages of CO.

b.il:tste carcnate and Ihe 1598 and 1' -1 bands to The behavior of the carbonate bands provides insight into the

t:,ci z ;t,, recpeztisely. No sonodentate carbonate was detected surface processes involving the oxygen atons forred i .ti

in trese ex i-,ents. decomposition of carbon dioxide. In the early -taes of the

7ne bxids at 2077 and 2092 cm-1 are assigned to linear CO reaction, Fig. Is, b ind c, coordinated CO 2 
dovrates t

t
e

ste: es on step and terrace sites, respectively. jThe spectrum. Some bicarbonate is found along with a ydro;et boiieh

c language is ufed here but the results may be species involving two adjacent OH groups of bicatbonate species.

disc -cd equally well in terms of open and close-packed 3615 cm
-1  

(not shown here).
( 1 0 ) 

In another Paper,"o
0 

we Shc

sicroc'Ystallite faces.) These band positions are in excellent that two interarting bicarbonate species fsot, water -n

zgreerero with toose observed on both reduced and oxidized coordinatively unsaturated Ti sites which are active for tre

lt/l.i2,.
1 1 ;  

The appearance of these two bands and the time foration of bidentate carbonate species in a reaction with CC2 .

. . .. .. . . . ..
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This Is shown schematically zn the following equation. amount of linear CO appears at 2056 cm
- I 

Indicating dissocitir.

OI -c 
of c 2.

2CC1  '. P zCok.4-Ho it is also of interest that, during CO2 exposure, tt.
-Z .'T+j_ intensity of a broad band in the 1000-1200 cmo- range increased.

0.1  This is due to Ti-O lattice vibrations and suggests that se cf

a (1) the oxygen atoms derived from the CO2 decomposition cxi;<ze t-

it 2- previously reduced TiO2 surface. Many papers have dealt with dt'

0 0 structure of TiC 2 following reduction at S00°C and it is thought°TC"

8;J. t.mtw C-ssmate to be beat described as Ti40 7(lS-
2
l) or TisO,7(

2 2
1. 3m addirior

Are Q .-;r.oests a vacant coordination site on Ti. These to oxidizing the surface, oxygen aroms can change the sorface

p:czcses .Oe alto tnoght to take place here. While the coordination to lead to bidentate carbonate as follows.

forr3t.cn of bidentate carbonate is a convenient way to describe 0II
ce rce pv ed by cxygen atoms formed in the decomposition of cs 2-

. si.-:Xon is complicated on 400-200-400 materials since \0 0

-t .. . t clear whet!er the oxygen atoms produced in the CQ ow CO ("2)

decn-
1
:: :icn process cange the surface enough to form bidentate

r thether tt reduced sample possesses these sites Picking up two electrons corresponds to oxidation of the 7.

center.

2: addess ths gution., a 40C-400-400 sample was exposed to The very weak intensity of linear CO bands in Fia. 2, az

.CtO::i CC.~ at 3CCF. Pidentate carbonate species (1674 cr-
1
), compared to Pig. 1, is related to the strong netal secwrt

t:rrttrro 1_435 cnin and cccrdinatcd CO. (2347 cm
- 1 ) 

were found interaction (SMSI) effect widely discussed in tee literatjre ;3

S - gFi. 2a, e:phasiulng that reduced sampleu do possesm and prevailing on strongly reduced Pt/TiC 2. In the early stages

stes for bicarbonete formation. This contrasts to interactions of the reaction, Pig. !,, the formation of bidentate carbonate

in toe azsence of Pt wterE no carbonate species are found.
[1 0 )  

species at 1674 cm
-1 

is arconpanied by the dissociation of -Z2.

r:tn ---e, 20 -in and 2 tr as shown in Pig. 2b and 2c, there were However, the SMSI effect lowers significantly the cheniscrpnicn

slow c h4nges. After 2 hr. Fig. 2c, the intensity of the capacity for CO and very little a&sorbed CO accumulates. the

coordinated C02 species dropped by a factor of 3 and a small decrease of 1435 cm
" 1

intensity and the appearance of the water



I,

-ll

bending mcdq at I6:E cm
- 1 

is readily explained by reaction (1), These experimental results imply that CO
2 

dissociation takes

Figure 3 stcws the results of C0
2 

exposure on a 400-NO-400 place either on step sites or at the interface between Pt sates

sar>e, i.e. oxidized at 40CC but not reduced. After a 10 min ard the TiO
2 

support. If the latter occurs then migration of CC

exposure, Fig. 3 , to 20 tort of C02 at 25°C, bands were observed to steps must occur subsequently. Such processes are well known
't2 .14, 164, 1628, 1597 and 1434 cm

- .
Teeaeine

r . -24. 14 These are isigned on single crystal surfaces.
(2 4 ) 

Since adsorbed cxyqfn atoms cver

2'2 and 13C02, bidentate carbonate, water and a step sites strongly and selectively
(1 1 ) 

it is difficult to see hc"
L an-- d- to bicarbonate, respectively. After 90 min, CO is selectively adsorbed on step sites. We ascribe CC,

- te coordinated CO
2  

intensity (2352 c
- 1 ) 

dropped by inecation, under all conditions used in this work, to reaction

t-- order of magnitude while bands due to water (1628 cm
I )  

at step sies. This readily accounts for the results of Pos. I

- eczr onate (21674 cn
- 

1 doubled. These increases were
ae cr se (2674 ic boble. Ths in sesiy wand 3 where the Pt morphology, non-SMSI is characterized by rcuzo

cco;c adern (1434 Cm in t hemispherical particles with high concentrations of step: and

asr tn relation is understood in terms of reaction (1). kinks rather than flat particles dominated by Pt(lil).1
1 9 ; 

us

After 3 lays, Fig. 3c, tte coordinated CCO
2 

intensity dropped noted in the introduction, there is disagreement abont wbe:rter or

:c a nenliglsre level, a band due to linear CO on Pt appeared at not CO
2 

dissociation occurs on Rh samples. Our results poart tc

2271r step t h e band at 1626and1434 cm grdecreasewThe sopte surface heterogeneity as one possible explanation for this

disagreement. Step sites or open faces, present in significant

ctserved belcw !70C cm
-1 

is attributed to inadequare subtraction, concentrations, could account for the dissociation.

ole nbOa foratson of adsorbed CC species is very

interesting. In another paper(') we reported that CO interacted

-ath this kind of support to form CO
2 

and carbonates but the

ox.'in saOs cn step sites were mote difficult to remove than

tr.oze on terrace sites. The results obtained here suggest that

some s tes are still active for CO 2 
dissociation when the surface

is cored with oxygen atoms. Howeve:, the reactions are

extr .,' slow. -he observed CC frequency, 2070 cm
-1

, indicates

adonuption at step sites and is consistent with the results of

Pig. I where step sites .rc filled before terrace sites.

*i

___________________________________________..~~I'
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